Background Ramucirumab, a monoclonal antibody vascular endothelial growth factor receptor-2 antagonist, given as monotherapy improved survival in a global phase 3 study (REGARD) of patients with gastric cancer. However, REGARD did not include Japanese patients. This study evaluated the efficacy and safety of ramucirumab monotherapy in Japanese patients with advanced gastric cancer. Methods This multicenter, open-label, nonrandomized phase 2 study (Clinicaltrials.gov: NCT01983878) was performed at 16 Japanese sites. Patients with advanced gastric or gastroesophageal junction cancer after disease progression following first-line chemotherapy received intravenous ramucirumab 8 mg/kg every 2 weeks. Primary efficacy outcome: 12-week progression-free survival rate (PFS). Results Thirty-six patients were enrolled. The 12-week PFS rate was 23.8% [90% confidence interval (CI) 12.4-37.2); the primary outcome was not met as the lower limit of the CI was outside the threshold of 16%. Median PFS was 6.6 weeks (90% CI 6.1-7.1). No patients achieved an objective response, and 11 (31%) patients achieved disease control. Median overall survival was 8.6 months (90% CI 5.7-10.7). The most frequent treatment-emergent adverse events (TEAEs) were diarrhea (9/36; 25%) and decreased appetite (8/36; 22%). Three patients reported Grade ≥ 3 ileus; all other Grade ≥ 3 TEAEs were reported by ≤ 2 patients. The most frequent adverse events of special interest (AESIs) were hypertension (10/36; 28%), bleeding/hemorrhage (7/36; 19%), and proteinuria (7/36; 19%). All Grade ≥ 3 AESIs were reported by ≤ 2 patients. Conclusions These findings suggest that ramucirumab monotherapy has clinical activity and a manageable safety profile in Japanese patients with gastric cancer after disease progression following first-line chemotherapy.
Introduction
Gastric cancer is the most common type of cancer in Japan and is associated with a poor prognosis. Of note, the incidence and age-adjusted incidence of gastric cancer in Japan in 2012 were 107,898 and 29.9 per 100,000, respectively [1] . In addition, gastric cancer was the second leading cause of cancer-related death in Japan in 2012, accounting for 52,326 deaths [1] . This high mortality rate reflects the advanced disease presentation of most patients [2] and the lack of effective treatment options. The current standard of care for first-line treatment of advanced/metastatic gastric cancer is systemic chemotherapy, specifically the combination of fluoropyrimidine-and platinum-based agents [3] . Although second-line treatment has been recently established, there is a need for additional therapeutic options.
Ramucirumab is a monoclonal antibody vascular endothelial growth factor (VEGF) receptor-2 (VEGFR-2) antagonist that has demonstrated efficacy in the treatment of advanced gastric cancer. Specifically, two multinational studies, REGARD [4] and RAINBOW [5] , have shown that ramucirumab monotherapy or combination therapy with paclitaxel improves survival compared with placebo or placebo plus paclitaxel, respectively, in patients with advanced gastric or gastroesophageal junction cancer after failed first-line chemotherapy. Ramucirumab was subsequently approved in Japan for unresectable, advanced/recurrent gastric cancer in 2015 [6] and ramucirumab combined with weekly paclitaxel and ramucirumab monotherapy were listed in 4th edition of Japanese treatment guidelines for gastric cancer [7] .
A recent subgroup analysis of the RAINBOW study demonstrated that the safety profile of ramucirumab combined with paclitaxel was similar in Japanese and Caucasian patients and that progression-free survival (PFS) and the objective response rate (ORR) were improved relative to placebo plus paclitaxel in both populations [8] . Given that survival outcomes can differ between Asian and Caucasian patients with gastric cancer [9] , additional information on the efficacy and safety of ramucirumab monotherapy in Japanese patients with advanced gastric cancer is eagerly awaited.
The aim of this phase 2 study was to evaluate the efficacy, safety, and pharmacokinetics of ramucirumab monotherapy in Japanese patients with advanced gastric or gastroesophageal junction cancer after disease progression following first-line chemotherapy.
Methods

Study design
This multicenter, open-label, nonrandomized phase 2 study was carried out at 16 sites in Japan and involved patients with metastatic or locally recurrent gastric or gastroesophageal junction adenocarcinoma who had disease progression after one prior chemotherapy.
The study protocol was approved by applicable ethical review boards and the study was conducted in accordance with the Declaration of Helsinki, Good Clinical Practice guidelines, and applicable regulations. The study was registered at http://www.clini caltr ials.gov (NCT01983878).
All patients provided written informed consent before study entry.
Study population
Patients with histologically or cytologically confirmed metastatic or locally recurrent unresectable gastric or gastroesophageal junction adenocarcinoma and disease progression on prior chemotherapy were eligible for inclusion. The main inclusion criteria were: age ≥ 20 years; measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST), Version 1.1, and/or evaluable disease; disease progression during or within 4 months after the last dose of first-line therapy for metastatic disease or during or within 6 months after the last dose of adjuvant therapy; life expectancy ≥ 12 weeks; Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0 or 1; adequate recovery from toxicities/effects of prior therapy; and adequate hematologic, hepatic, coagulation, and renal function. The main exclusion criteria were: documented and/or symptomatic brain or leptomeningeal metastases; any Grade 3 or 4 gastrointestinal bleeding within 3 months before enrollment; any arterial thromboembolic event within 6 months before enrollment; ongoing or active significant infection, symptomatic congestive heart failure, unstable angina pectoris, symptomatic or poorly controlled cardiac arrhythmia, uncontrolled thromboembolic or hemorrhagic disorder, or any other serious uncontrolled medical disorders in the opinion of the investigators; poorly controlled hypertension, despite standard medical management; serious or nonhealing wound, ulcer, or bone fracture within 28 days before enrollment; prior therapy with any direct inhibitor of VEGF or VEGFR-2 (including bevacizumab) or any antiangiogenic agent; and current chronic antiplatelet therapy, including aspirin [once-daily aspirin use (maximum dose 325 mg/ day) was permitted], nonsteroidal anti-inflammatory drugs dipyridamole or clopidogrel, or similar agents.
Treatment protocol
Patients received ramucirumab 8 mg/kg intravenously over approximately 60 min once every 2 weeks (1 cycle) with radiographic assessments of disease status every 6 weeks. Treatment was continued until there was evidence of progressive disease, unacceptable toxicity, withdrawal of consent, or until other withdrawal criteria were met.
Efficacy outcome measures
The primary efficacy outcome was the 12-week PFS rate, defined as the probability of being alive and progression-free at 12 weeks after study enrollment.
Secondary efficacy outcomes included PFS, ORR, disease control rate (DCR), and overall survival (OS). Progressionfree survival was defined as the time from study enrollment to the first observation of objective progression or death from any cause. The ORR was defined as the proportion of patients who achieved a best overall response of complete response (CR) or partial response (PR). The DCR was defined as the proportion of patients who achieved a best overall response of CR, PR, or stable disease (SD). Overall survival was defined as the time from study enrollment to death from any cause.
Assessments of response, according to RECIST, Version 1.1, were carried out every 6 weeks, with confirmatory assessment for patients with an objective response of PR or CR obtained at least 4 weeks later. Survival measurements were carried out every 3 months. An Independent Radiography Review Committee (IRRC) independently reviewed computed tomography scans and magnetic resonance imaging data for tumor assessments.
Pharmacokinetics
Blood samples were collected from 6 patients immediately before, 1 h after start of the infusion, and at 1, 4, 23, 47, 95, 167, 263, and 335 h after the completion of the ramucirumab infusion (Day 1 of Cycle 1). Pharmacokinetic parameter estimates for ramucirumab were calculated by standard noncompartmental analysis. Blood samples were also collected from all patients before each cycle for calculation of the minimum blood plasma concentration (C min ).
Pharmacokinetic analyses were performed using Phoenix WinNonlin Professional 6.3 (Certara, Princeton, USA). Exposure-response analyses were performed using S-PLUS 8.2 for Windows (TIBCO Software Inc, Palo Alto, USA).
Safety
All patients were assessed regularly for treatment-emergent adverse events (TEAEs) from the time of first infusion to 30 days after the last infusion of ramucirumab. Clinical laboratory assessments were carried out at regular intervals during the study.
Immunogenicity
Blood samples were collected before each treatment cycle and at the 30-day safety follow-up visit for analysis of antiramucirumab antibodies.
Statistical analysis
A sample size of 27 was required based on the expected and threshold 12-week PFS rate of 40 and 16%, respectively, a 1-sided significance level of 0.05, and desired power of 90%. To allow for censoring of some cases, the target number of patients for enrollment was 33.
The efficacy and safety analysis populations included patients who received at least 1 dose of the study drug [Full Analysis Set (FAS)]. The pharmacokinetic analysis population included a subset of patients who underwent intensive sampling to estimate pharmacokinetic parameters and all patients with available ramucirumab concentration data before ramucirumab infusion for calculation of C min .
Tumor evaluations by the IRRC were used for the primary analysis of the 12-week PFS rate and the secondary outcomes of PFS, ORR, and DCR. Tumor evaluations by the investigators were used for sensitivity analysis of the 12-week PFS rate. The 12-week PFS rate was estimated using the Kaplan-Meier method with PFS time as a timeto-event variable. The median estimate and two-sided 90% confidence interval (CI; calculated using log-log transformed survival function) of the PFS rate were determined. Kaplan-Meier curves of PFS and OS were generated, along with the median time and 90% CI. The ORR and DCR with 90% CIs were summarized.
Treatment-emergent adverse events were summarized (using descriptive statistics) by Medical Dictionary for Regulatory Activities System Organ Class and preferred term. Severity was summarized according to the most severe National Cancer Institute-Common Terminology Criteria for Adverse Events, Version 4.03, grade as assigned by the investigators.
Analyses were performed using SAS Version 9.2 (SAS Institute, Cary, USA) or later.
Results
Disposition
A total of 36 patients were enrolled, all of whom received at least 1 dose of ramucirumab. All patients discontinued study treatment due to PD (32/36; 89%) or adverse events (4/36; 11%).
Demographic and baseline clinical characteristics
The majority (> 50%) of patients were male, had an ECOG PS of 0, and had the primary tumor located in the stomach body (Table 1) . Intestinal and diffuse were the most common histological subtypes, accounting for > 75% of patients. All patients had received prior systemic therapy and most (69%) had prior surgery.
Efficacy outcomes
Primary
The IRRC-evaluated 12-week PFS rate was 23.8% (90% CI: 12.4, 37.2). As the lower limit of the 90% CI for the 12-week PFS rate was outside the predetermined threshold (16%), the primary outcome was not met. The investigator-evaluated 12-week PFS rate was 31.4% (90% CI: 19.2, 44.4).
Secondary
The median PFS time was 6.6 weeks (90% CI: 6.1, 7.1) (Fig. 1) . No patients achieved an objective response, whereas 11 (31%) patients achieved disease control ( Table 2 ). The median OS time was 8.6 months (90% CI: 5.7, 10.7) (Fig. 2) .
Ramucirumab pharmacokinetics/ pharmacodynamics
After a single intravenous dose (8 mg/kg), the half-life (t 1/2 ) was 183 h [approximately, 8 days (Fig. 3) ], the geometric mean clearance was 0.0150 L/h, and the volume of distribution at steady state was 3.29 L.
After multiple (or repeated) intravenous doses (8 mg/kg every other week cycle), the geometric mean predose concentration for Dose 4 (C min after Dose 3; 67.8 μg/mL) was approximately twice that of the predose concentration for Dose 2 (C min after Dose 1; 32.5 μg/mL. The predose concentration from Dose 4 to Dose 6 showed little change (Fig. 4) , indicating that steady state was achieved following 6 weeks of ramucirumab treatment.
There were no obvious relationships between exposure (C min after Dose 1) and treatment response. Median PFS time was 1.48 months in both the low (C min < median after Dose 1) and high (C min ≥ median after Dose 1) exposure groups; median OS time was 7.96 and 7.56 months in the low-and high-exposure groups, respectively.
Exposure and postdiscontinuation anticancer therapy
The median duration of therapy was 6 weeks (range 2-44 weeks) and the median relative dose intensity was 99.6% (range 88.5-107.8%).
After discontinuation, 24 (67%) patients received systemic anticancer therapy, most commonly paclitaxel (17/36; 47%), irinotecan hydrochloride (10/36; 28%), irinotecan (4/36; 11%), trastuzumab (4/36; 11%), and/or oxaliplatin (3/36; 8%). 
Safety
All patients reported at least 1 TEAE and half of all patients reported at least 1 adverse event of special interest (AESI) ( Table 3 ). The most frequently reported TEAEs (> 20% of patients) were diarrhea and decreased appetite. Three patients reported Grade ≥ 3 ileus; all other Grade ≥ 3 TEAEs were reported by 2 or fewer patients. The most frequently reported AESIs (> 19% of patients) were hypertension, bleeding/hemorrhage, and proteinuria. All Grade ≥ 3 AESIs were reported by 2 or fewer patients. No patients reported infusion-related/hypersensitivity reactions, gastrointestinal perforation, congestive heart failure, wound healing complication, fistula formation, reversible posterior leukoencephalopathy syndrome, or interstitial lung disease. Three patients (8%) experienced TEAEs that led to discontinuation of treatment during the study period. The TEAEs (all Grade 3) were upper gastrointestinal hemorrhage, proteinuria, and hypertension (all n = 1).
No patients died while receiving ramucirumab; 1 patient died within 30 days of the last dose of ramucirumab due to study disease.
Analyses of clinical laboratory data did not reveal any new or increased safety concerns relative to the analysis of the adverse event data.
Immunogenicity
Anti-ramucirumab antibodies were detected in 1/36 (3%) patients. Neutralizing antibodies were not detected and the patient did not experience an infusion-related reaction.
Discussion
This is the first study to evaluate the efficacy, including 12-week PFS and response rate, safety, and pharmacokinetics of ramucirumab monotherapy in Japanese patients with advanced gastric or gastroesophageal junction cancer that had progressed after first-line chemotherapy. Although the primary outcome was not met, the estimate of 12-week PFS evaluated in 36 Japanese patients was consistent with clinical activity, and the safety and tolerability of ramucirumab were clinically manageable. These findings support the use of ramucirumab in the treatment of advanced gastric or gastroesophageal junction cancer after failed first-line chemotherapy.
The primary efficacy outcome of this study, 12-week PFS, supports the clinical activity of ramucirumab monotherapy in Japanese patients with gastric cancer. Specifically, the 12-week PFS rate (23.8%) was numerically higher than that for the placebo arm in REGARD (15.8%) [4] . Although the IRRC-evaluated 12-week PFS rate in this study seems lower than that for the analysis of the ramucirumab arm in REGARD (40.1%) and the lower limit of the 90% CI fell outside the predetermined threshold, the investigator-evaluated 12-week PFS rate (31.4%) in this study is similar to the REGARD finding, and is a more equitable comparator, given that PFS was assessed by the investigators in REGARD. Secondary efficacy outcomes were also supportive of clinical activity; median OS (8.6 months) and PFS [6.6 weeks (1.5 months)] were numerically longer than median OS and PFS for the placebo arm in REGARD (3.8 months and 1.3 months, respectively) [4] , as was the disease control rate (31% in this study versus 23% in REGARD) [4] . The median length of OS is noteworthy and similar to the durations reported in the WJOG 4007 trial [10] , which included Japanese patients with advanced gastric cancer who were treated with either paclitaxel (OS: 9.5 months) or irinotecan (OS: 8.4 months) after first-line failure of fluoropyrimidine plus platinum. No patients in this study achieved an objective response, consistent with the very low rates in REGARD (3% in both treatment arms) [4] . The findings from this study support the clinical activity of ramucirumab monotherapy in Japanese patients, also consistent with those of the subgroup analysis of Asian patients in REGARD, which demonstrated survival benefits (OS and PFS) with ramucirumab monotherapy [4] .
The pharmacokinetics of ramucirumab in Japanese patients was generally similar to those reported in other studies of ramucirumab [11] [12] [13] . Of note, the half-life of ramucirumab in this Japanese population is similar to that determined in a predominantly Caucasian population of patients with advanced malignant solid tumors [11] . However, no exposure-response relationship was observed in this study, which contrasts with what has been observed in ramucirumab phase 3 trials [14] . Presumably, the sample size of this study is too small to draw conclusions about the consistency of the exposure-response phenomenon in this population.
The safety findings of this study are consistent with the known safety profile of ramucirumab. The majority of TEAEs in Japanese patients with gastric cancer were manageable and, as per REGARD [4] , Grade ≥ 3 TEAEs were infrequent. Of note, toxicities related to cytotoxic chemotherapy, such as bone marrow toxicity and gastrointestinal symptoms, were relatively uncommon. Hypertension, a known side effect of antiangiogenic treatments, was the most common TEAE, although only 2 (6%) patients experienced Grade ≥ 3 hypertension. In REGARD, hypertension was more commonly reported in the ramucirumab arm than in the placebo arm (16 vs 8%) [4] . Consistent with the findings from other studies, including REGARD, in which patients received ramucirumab as monotherapy [4, 15, 16] , a very small proportion (3%) of Japanese patients developed anti-ramucirumab antibodies in this study. This finding suggests that ramucirumab has a low immunogenicity in Japanese patients with gastric cancer.
The main strengths of this study include the prospective, multicenter design, and the homogenous Japanese population. Limitations include the small sample size and the lack of a control/comparator group.
The findings from this phase 2 study, the first clinical experience in a Japanese population, suggest that ramucirumab monotherapy has clinical activity and a manageable safety profile in Japanese patients with gastric cancer following disease progression after first-line platinum-or fluoropyrimidine-containing combination therapy. With reference to REGARD [4] , which included a predominantly non-Asian patient population, there do not appear to be any marked differences in efficacy/safety of ramucirumab between Japanese and non-Japanese patients for this disease population. These findings support the clinical use of ramucirumab monotherapy in Japan for treating advanced gastric or gastroesophageal junction cancer after failed firstline chemotherapy. We await the results from future studies regarding potential predictive biomarkers for ramucirumab therapy.
